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Data from the 1958 National Child Development Study were used in a prospective study of the relation of financial adversity in childhood to lung function in midlife. It was hypothesized that such a relation would be found and would be mediated partly by early housing deprivation, partly by continuities in social disadvantage, and partly by smoking. These hypotheses were confirmed. The mediating variables explained nearly two-thirds of the observed relation. The strongest individual pathway from early financial hardship to adult lung function was through poor housing in childhood. Poor housing increased the risk of educational failure, which in turn was strongly related to less-advantaged social class. Lack of educational qualifications and less-advantaged social class independently increased the risk of higher levels of smoking. Mediating variables therefore acted in part as indicators of environmental exposures and in part through their links to adult smoking. Early financial adversity is associated with adult lung function partly through poor housing and partly through pathways involving continuities in social disadvantage and the associated environmental exposures and behaviors. cohort studies; education; housing; longitudinal studies; poverty; respiratory function tests; smoking Abbreviations: FEV 1 , forced expiratory volume in 1 second; NCDS, National Child Development Study.
Many studies have shown that socioeconomic circumstances in childhood are independently related to several measures of health in adulthood (1) (2) (3) (4) (5) . The literature on early life influences on adult health has focused more closely on cardiovascular disease than on respiratory disease. Mann et al. (6) and Kuh and Wadsworth (7) showed associations between poor home environment in childhood and respiratory illness at 36 years of age in studies of the MRC National Survey of Health and Development (also known as the 1946 British Birth Cohort). Lawlor et al. (8) reported associations between several indicators of economic and housing deprivation and lung function in older women. The advantage of that study was that the investigators were able to identify some etiologically plausible factors, such as the presence of a bathroom and hot water and whether children shared a room. More recently, Tennant et al. (9) used a path model to assess the relative importance of a range of etiologic factors across the life course, although their focus was on development in utero and the influence of childhood respiratory infections.
In the present study, we prospectively examined the relation of childhood financial adversity between birth and 11 years of age to lung function in midlife (ages 44-46 years) in men and women from the National Child Development Study (NCDS) . All measurements of childhood circumstances were taken at the time of exposure. Following the methodological procedure of Sacker et al. (10) and Singh-Manoux et al. (11) , we used path modeling to examine 4 pathways hypothesized to associate childhood financial adversity with adult lung function. The first of these is the relation of financial adversity to housing quality and crowding in the home at ages 7 and 11 years. This was hypothesized to be a strong pathway that reflected the higher risk of exposure to damp conditions and infection in poorer families. The second and third pathways are the relations of housing deprivation to educational qualifications and of qualifications to adult social position. Poorer children are known to do less well in education, which is one of the strongest reasons why they are more likely to be found in less-advantaged social-class groups as adults. We hypothesized that childhood financial adversity would indirectly have a negative impact on educational attainment because of poor housing quality. Adult occupational social class is associated with poor housing quality, more residential pollution, and occupational exposures to respiratory hazards at work. The fourth hypothesized pathway is the contribution of both childhood and adulthood social disadvantage to smoking during adulthood. Smoking is strongly related to educational level and adult social class, and recent research has also been focused on childhood experiences as independent influences on health behaviors (12, 13) . As the most proximal variable in the analysis, smoking was hypothesized to have a very strong relation to lung function, and only a direct pathway was examined.
MATERIALS AND METHODS

Sample and measures
Baseline data were taken from the 1958 NCDS. The NCDS is a continuing, multidisciplinary longitudinal British birth cohort study. It began when data on approximately 17,415 babies born in Great Britain (England, Scotland, and Wales) were collected in 1 week in 1958 (2, 5) . To date, there have been 7 attempts to trace all members of the birth cohort. The follow-ups were undertaken when the cohort members were aged 7 (NCDS 1), 11 (NCDS 2), 16 (NCDS 3), 23 (NCDS 4), 33 (NCDS 5), 42 (NCDS 6), and 44-46 (NCDS 7) years, and for the first 3 of these follow-ups, the birth cohort was also augmented by inclusion in the target sample of immigrants born in the relevant week and identified from school registers during tracing. Over the years, information has been gathered from a number of sources (e.g., parents, schools, doctors, medical records, and cohort members). The biomedical survey was carried out between September 2002, when cohort members were 44 years of age, and the end of March 2004, when cohort members were 46 years of age. It was designed to allow us to obtain objective measures of ill health and biomedical risk factors. The target sample comprised 12,037 cohort members who agreed to take part in the survey at 23, 33, or 42 years of age and involved nurse interviewers who took a number of biomedical measurements, including a measurement of lung function. Levels of cooperation with the survey were high, with 9,377 cohort members (80%) participating.
The data available for analysis in the present article were obtained at birth, when the cohort members were 7, 11, and 42 years of age, and from the biomedical survey administered when members were 44-46 years of age. Technically satisfactory forced expiratory volume in 1 second (FEV 1 ) was provided by 9,090 cohort members; those who were pregnant, had had abdominal or chest surgery in the previous 3 weeks, or had been admitted to a hospital for heart complaints in the past 6 weeks were not eligible. Missing data from the different rounds of the survey reduced the sample available for longitudinal analysis to 6,287. Figure 1 shows where missing data occurred during the 45 years of follow-up of this cohort. The measure of childhood financial adversity was derived from questions asked of the mothers shortly after the children's births and when the children were 11 years of age and questions asked of the health visitors when the children were 7 years of age. It included 3 items: whether the child's father was either absent, unemployed, or a member of Registrar General's social class IV or V (semiskilled or unskilled manual laborer) at the time of the cohort member's birth; whether the health visitor assessed the family to be in financial difficulty when the child was 7 years of age; and whether the child was entitled to free school meals at 11 years of age. Scores ranged from 0 to 3, with scores of 2 and 3 combined into a single group. Housing deprivation in childhood was measured by using a set of items describing housing amenities and crowding. When the child was 7 years of age, these factors included the family's sole use of a kitchen and a bathroom; the availability of hot water and an inside toilet; type of dwelling (house, flat/apartment, or other type); housing tenure (owner-occupied, privately rented, or council tenancy); and the number of rooms in the home. When the child was 11 years of age, the criteria were again housing type, tenure, sole use of a bathroom, and availability of hot water and an inside toilet, but the index of crowding used was how many people shared the child's bedroom. Combining these measures gave us a score between 0 (owner occupation of a house with no crowding and no lack of any amenities at any age) and 14 (dwelling in a council-owned property without its own kitchen or bathroom, plus overcrowding and lack of all amenities at all ages).
Information on qualifications attained by participants by the time they had reached 42 years of age was obtained in interviews at ages 33 and 42 years, and qualifications were measured according to the National Vocational Qualifications schema on a scale from 0 (no qualifications) to 5 (degree level or higher). Information on social class in adulthood was obtained during an interview conducted when the participant was 42 years of age, and social class was measured according to the Registrar General's schema. Smoking was assessed when the participant was 42 years of age by using a question with the following answer categories: never smoked; previous light smoker (<1 cigarette/day); previous moderate to heavy smoker who quit up to 5 years ago; previous moderate to heavy smoker who quit over 5 years ago; present light smoker (1-9 cigarettes/ day); present moderate smoker (10-20 cigarettes/day); and present heavy smoker (!20 cigarettes/day).
Lung function at ages 44-46 years was measured in terms of FEV 1 using a hand-held spirometer (Vitalograph, Inc., Lenexa, Kansas). Three technically satisfactory blows (without interruption by laughing or coughing and with no leakage of air around the mouthpiece or obstruction of the mouthpiece or flowhead) were obtained, unless this was judged to be distressing to the participant. The measure used here was the highest technically satisfactory reading. Men and women were combined in the analysis because there was no evidence of any interactions of the independent variables with sex.
Analysis
We used conventional regression models and path analysis for the present study. The relation of childhood financial hardship to lung function was adjusted for intermediate factors across the life course and analyzed using nested models in SPSS general linear modeling (SPSS, Inc., Chicago, Illinois). The model shown in Figure 2 is a diagrammatic representation of our hypothesized pathways from financial adversity between birth and age 11 years to FEV 1 at ages 44-46 years. Path analysis then allowed us to demonstrate how far the relation between childhood financial adversity and FEV 1 operated Abbreviation: FEV 1 , forced expiratory volume in 1 second. a In the cases in which the outcome variables were continuous variables, the coefficients are standardized linear regression coefficients. In the cases in which the outcomes variables were ordinal, the coefficient relates a 1-standard-deviation increase in the predictor variable to the change (in standard deviations) of the latent variable underlying the ordinal variable. The values have an interpretation similar to that of a correlation coefficient. A value of 0.32 indicates that a 1-standard-deviation increase in the predictor variable leads to 0.32 of a standard-deviation increase in the outcome.
through the hypothesized potential pathways and to see any indirect relations that might have been functioning in the model.
We estimated the size and direction of the relations shown in Figure 2 in the path analysis. The path model differed from the general linear modeling in 2 respects: 1) housing deprivation was reduced to a 10-category ordinal variable by combining sparse categories at the top of the distribution and 2) the qualifications variable was reverse-coded so that high scores indicated a lack of qualifications. Regression estimates for ordinal dependent variables (housing deprivation, qualifications, social class, and smoking at 42 years of age) were probit estimates, with linear regression estimates for the continuous dependent variable, FEV 1 . We assumed that a latent (unobserved) continuous response variable was underlying each observed ordinal dependent variable with a normal distribution. Regression pathways from the ordinal variables to FEV 1 were estimated from the underlying latent variables, not the observed variables, and thus were expressed as linear regression coefficients. Standardized estimates were calculated using the variance of FEV 1 , financial adversity, and the variance of the latent variables underlying the ordinal responses. Preliminary analyses (not shown) confirmed that the assumption of linearity in the relations between variables in the path model was not violated.
For all path analyses, we used Mplus software, version 6 (14), applying a robust weighted least-squares maximum Table continues likelihood estimator. This is an asymptotically distributionfree method that is appropriate when data are ordinal or have non-normal continuous distributions. Confidence intervals were approximated for the path model using bootstrap methods with 1,000 replications. All models were controlled for sex. Two versions are presented: one based on complete data for comparison with the regression models (n ¼ 6,287) and one based on all available data, including incomplete cases (n ¼ 9,090). Table 1 shows the distributions of all variables in the analysis for cohort members who were selected for the biomedical survey (full sample) and also for those for whom we had valid data at birth and at ages 7 and 11 years for the items in the measures of financial adversity and housing deprivation (complete sample). The distributions of variables using all available data were similar but showed evidence of greater nonresponse among more-deprived individuals. Table 2 shows the relations of financial adversity between birth and 11 years of age to housing deprivation, qualifications, smoking history, social class at age 42 years, and FEV 1 at ages 44-46 years, adjusted for sex. Financial adversity between birth and age 11 years was strongly related to the likelihood of housing deprivation, lack of educational qualifications, adult social class, and smoking, as well as to lung function at ages 44-46 years. Table 3 shows a comparison of mean values (adjusted for sex) of FEV 1 for all categories of the independent variables in the model and estimates of the 4 multivariable models constructed in order of the hypothesized pathways.
RESULTS
Childhood financial adversity, adult social class, educational qualifications, and smoking were treated as categorical variables, and housing deprivation was treated as a continuous variable in these models. The difference in mean FEV 1 at ages 44-46 years between persons with the least financial adversity between birth and age 11 years and persons with the most was 0.20 L, which was reduced in the final model to 0.07 L. The univariate estimate of a difference of À0.030 L for each step in the 15-point housing deprivation score gave a difference of À0.5 L between the best housing conditions and the worst between ages 7 and 11 years, which was reduced to a difference of À0.016 L per unit (a difference of À0.24 L between best and worst housing scores) after accounting for childhood financial adversity and the intervening variables. Adjusted for sex only, the difference between current heavy smokers and never-smokers was 0.38 L. FEV 1 was similar for the ex-smokers and never-smokers. Therefore, in the path model that follows, only smoking status at 42 years of age is modeled. All factors showed an independent relation to lung function in the multivariate analysis.
To examine pathways from childhood adversity to adult lung function in more detail, we performed an analysis using Total indirect effect 0.000 0.000, 0.000 a In the cases in which the outcome variables were continuous variables, the coefficients are standardized linear regression coefficients. In the cases in which the outcomes variables were ordinal, the coefficient relates a 1-standarddeviation increase in the predictor variable to the change (in standard deviations) of the latent variable underlying the ordinal variable. The values have an interpretation similar to that of a correlation coefficient. A value of 0.32 indicates that a 1-standard-deviation increase in the predictor variable leads to 0.32 of a standard-deviation increase in the outcome. path analysis procedures. This made it possible to estimate both direct effects of childhood circumstances on later respiratory health and any indirect effects that may have resulted from associations between childhood financial adversity and contemporaneous or later hazardous exposures. It should be noted that the use of the word ''effect'' is a convention in path modeling and does not imply a claim of causality. We do not claim that a direct effect is unmediated unless this is biologically plausible, as in the case of smoking; we merely state that there are other unidentified mediating factors at work. Table 4 shows the standardized path coefficients relating each factor to lung function in midlife for the full sample. Differences between results for the full sample and the complete sample were slight (Web Table 1 (available at http://aje. oxfordjournals.org/) shows the correlation between variables in both samples, and Web Table 2 shows the unstandardized model estimates), so only results based on the full sample are described hereafter.
The strongest pathways were those between childhood financial adversity and housing deprivation (pathway a; b ¼ 0.32) and qualifications and social class (pathway f; b ¼ 0.48). Housing deprivation (pathway c) was more strongly related to qualifications than was childhood financial adversity (pathway b; b ¼ 0.26 vs. b ¼ 0.14). Education also had the strongest path (pathway i) to smoking (b ¼ 0.16), although this was not stronger than the path to adult social class (b ¼ 0.14). The direct pathways from childhood financial adversity (pathway g) and housing deprivation (pathway h) to smoking were approximately 50% as large (b ¼ 0.07). To compare the importance of the different pathways involved, however, standardized estimates of the indirect effects were needed. These are shown in Table 5 (unstandardized estimates are given in Web Table 3 ).
Nearly two-thirds (63%) of the relation between childhood financial adversity and adult lung function was accounted for by the other variables in the model. The strongest indirect pathway from childhood financial adversity to adult lung function was through housing deprivation at ages 7 and 11 years, which accounted for nearly 30% of the indirect effect, followed by the indirect path through smoking (19%) and educational qualifications (15%). Just over half of the relation of childhood housing deprivation to adult lung function was direct. The pathway between adult social class and lung function was partly (45%) through smoking, but there was also an appreciable direct effect, which indicated the importance of other factors in the social environment. It is noteworthy that the magnitudes of the total effect sizes for the distal social variables-financial adversity and housing deprivation measured 30 or more years before the measure of lung functionwere more than half that of a proximal biologic influence, such as smoking.
DISCUSSION
Summary of findings
Recently, there have been several articles in which investigators turned their attention to the longer-term associations between childhood social position and different measures of adult health (4, 8, (15) (16) (17) (18) (19) . The associations between childhood social position and cardiovascular disease are now quite well supported by evidence (20) . Although there are clear associations between respiratory function and cardiovascular disease incidence and mortality from cardiovascular causes and other causes (21) (22) (23) (24) , there have been fewer prospective studies of childhood socioeconomic influences on respiratory disease itself (25) . The next step is therefore to begin constructing hypothetical models with biologic and social plausibility to shed more light on the association between early socioeconomic disadvantage and adult lung function (26) .
In the present article, we focused on one particular aspect of socioeconomic circumstances in childhood, namely financial adversity, and traced possible pathways to one specific health measure in the midlife of adults. All exposures were measured at the time at which they occurred and did not rely on recalled self-reports by cohort members. The use of path analysis allowed a more detailed examination of the ways in which biologic, social, and behavioral influences could interrelate across the life course (10, (27) (28) (29) .
The results might be regarded as supportive of a criticalperiod model of the relation between childhood adversity and adult respiratory health. However, this is not a biologically critical period but rather a socially critical period. Our findings confirm those of Pensola and Martikainen (30) on the importance of early social pathways. There is a strong clustering of childhood financial adversity with housing deprivation (pathway a) and lower educational qualification levels (pathway b). Although each of these has a weak direct pathway (pathways k, l, and m) to lung function, they have strong pathways to adult social class (pathways a, c, f, and e) and both direct and indirect pathways (pathways g, i, and h) to smoking. In all cases other than those of housing deprivation and smoking, direct pathways are not regarded as etiologically significant in themselves. In the case of lack of qualifications and social class, for example, the strong links to smoking confirm many other findings in the literature. However, the sizeable direct pathways from these variables to lung function signal the need for better understanding and measurement of biologically plausible factors to which those with fewer qualifications and in less-advantaged social class positions are exposed.
The features of the housing environment that we were able to include in this measure-for example, overcrowding and lack of hygienic amenities-might be expected to be better indicators of the risk of multiple repeated infections than more physiologic effects on lung development. It is not known whether lower respiratory tract infections in childhood are due to prior poor lung development or whether lung development is influenced by the occurrence of respiratory tract infections (31) . However, lower respiratory tract infections have been shown in other studies to have lasting effects on lung function in adult life (32, 33) . There were no measures of cold or dampness in the home, so the importance of this pathway may have been underestimated. Rather surprisingly, a direct pathway remained between childhood financial adversity and smoking. This finding bears out the work of Graham et al. (34, 35) and Jefferis et al. (36) on the accumulative effects of adversities across the life course on the risk of smoking in women. Even the effect of adulthood social class was not fully mediated by smoking, a result similar to that found in several other studies (9, 15, 37, 38) .
Strengths and limitations
The present study is limited in several ways. Although the use of the path modeling technique allows a more detailed view of the processes that may relate early life adversities to later health, the terminology of ''effects'' is perhaps unfortunate. The use of the term effect is not intended to claim the discovery of causal processes. Similarly, the label ''direct effect'' should only be interpreted as the failure to locate all mediating variables, except in the case where there is biologic plausibility, as for smoking. As noted above, there were no direct measures of cold or dampness in the households during cohort members' childhoods. There are likely to have been continuities in housing disadvantage that were not measured in later phases of the life course, as well as correlations between housing deprivation and exposures to occupational fumes and dusts. Social class at 42 years of age is a relatively crude indicator of these continuities. Greater precision in the measurement of housing deprivation than in that of adulthood exposures might have resulted in underestimation of the mediating role of adult social circumstances.
The strengths of the present study lie in the possibility of measuring financial circumstances and housing conditions at the time of exposure rather than retrospectively. Therefore, reports of early adversity were not influenced by the presence of disease in adulthood. Path analysis has made it possible to see the ways in which early life socioeconomic factors may feed through material and behavioral pathways over time. As suggested by Sabia et al. (39) , poorer lung function is not purely an indicator of the effects of smoking; it is also linked to exposures across the life course.
Conclusion
It is increasingly accepted that health inequality in adulthood needs to be understood in terms of processes that extend across the life course (40) . In the present cohort, born in 1958, financial adversity in childhood had a clear relation to lung function in midlife, and most of this relation could be attributed to pathways linking financial adversity to poor housing, educational failure, less-advantaged adult social class, and smoking. In terms of public health, quite a lot might be achieved by breaking the link between early financial hardship and poor housing (19) . In this way, adult social inequalities in lung function could be reduced, partly because of a reduction in exposure to a less healthy environment during lung development and partly because of a weakening of the continuity between early life disadvantage, social position in adulthood, and smoking, which would have additional benefits for health.
